Background/Aims: According to experimental data, a transdermal application is preferred by caregivers of Alzheimer's disease (AD) patients compared with oral medications. The AXEPT study compared compliance to treatment among community-dwelling patients with mild-tomoderate AD treated with transdermal application compared to oral medications and caregiver satisfaction in a real clinical setting. Methods: Data from 45 memory clinics in Italy were collected between September 8, 2010 and January 31, 2011. Compliance to treatment and caregiver satisfaction were measured using the Caregiver Medication Interview. Results: A total of 855 AD patients and their caregivers participated in the study. Nearly 80% of caregivers of patients on patch were not concerned about adherence to treatment compared with 64% of caregivers of patients on oral drugs. Among caregivers of patients on patch, 94% did not report any difficulties in remembering to administer treatment compared with 73% of caregivers of patients on oral medications. The highest level of compliance and satisfaction was reported by caregivers of patients on transdermal application. Conclusion: Caregivers of patients treated with a transdermal application appeared to be more satisfied and reported a higher level of compliance than caregivers of patients receiving anti-AD oral medications.
Introduction
Alzheimer's disease (AD) is a neurodegenerative disorder which causes a progressive and irreversible loss of cognition and physical function. Currently, over 35 million people worldwide are affected by AD. The number of AD patients will increase sharply in the near future, and it has been estimated that over 80 million individuals will be diagnosed with this condition by the year 2040 [1, 2] .
To date, no cure is available to modify the progression of AD, although available pharmacological treatments have been proven to positively control cognitive and functional symptoms of the disease and improve quality of life of patients and their families for the time they are responsive to treatment [3] .
Most often, care for AD patients is provided by informal caregivers including relatives and friends [1] . Caregivers are individuals who are called to assist patients in their activities of daily living, to administer medications to them and to deal with the patients' progressive personality change and physical, cognitive and emotional deterioration. Such aspects make providing care to people with AD a burdensome experience which affects the physical and psychological state of caregivers and their quality of life. Managing and administering medications to AD patients may substantially contribute to the caregivers' workload and distress [4, 5] . Compliance to treatments and efficacy of medications may depend on how well caregivers are able to manage drug administrations. The caregivers' satisfaction with treatments is crucial for a good compliance to treatments, and it has been associated with an increased likelihood of positive clinical outcomes, decreased need of sedatives and anxiolytics, and delayed patient institutionalization [6] [7] [8] [9] [10] .
Currently, there are four medications approved for the treatment of AD by regulatory authorities. Three are acetylcholinesterase inhibitors (AChEIs) including donepezil, rivastigmine and galantamine; the fourth is memantine, an N-methyl-D-aspartic acid receptor antagonist. These medications are all available in oral formulation. Among these drugs, rivastigmine is the only one available in transdermal (patch) application. Since the rivastigmine patch has been marketed, experimental data from randomized clinical trials have suggested that the transdermal application would be preferred by caregivers of AD patients compared to oral medications [11, 12] . To date, no information is available regarding patient compliance to treatment and caregiver satisfaction with respect to different formulations of AD medications in a real clinical setting.
The present study aimed at comparing compliance to treatment of community-dwelling patients with mild-to-moderate AD treated with transdermal application compared to oral formulation drugs and caregiver satisfaction in a real clinical setting. The secondary purpose of the study was to provide a full description of sociodemographic and clinical characteristics of mild-to-moderate AD patients and to draw a sociodemographic profile of their caregivers. A sub-study was conducted to perform the linguistic and psychometric validation of the Caregiver Medication Interview (CMI), which is the instrument adopted in the current investigation to assess patient compliance to treatment and caregiver satisfaction.
Methods

Study Design
The AXEPT study consisted of a main study, which was conducted to primarily compare patient compliance to treatment and caregiver satisfaction with respect to oral and transdermal formulations of anti-AD medications, and a sub-study, which was conducted to validate the CMI instrument. The main study had an observational, cross-sectional, multicenter de-
Study Population
The study was conducted in 45 memory clinics uniformly distributed throughout Italy between September 8, 2010 and January 31, 2011. Patients with AD were considered eligible for participation if: (a) they had a Mini-Mental State Examination (MMSE) score between 18 and 26 at the screening visit; (b) they were 18 years old or more; (c) they signed an informed consent, and (d) they were treated either with AChEIs or memantine in monotherapy regimens, and such treatment was initiated 4-6 months prior the baseline visit as either the first anti-AD treatment ever received or a new drug option after switching from an old treatment. All the above-mentioned inclusion criteria had to be met for patients to be enrolled in the study. Patients were excluded from the study if they were treated with a combination of AChEIs or with AChEIs plus memantine.
Caregivers had to be present at the baseline visit and had to provide care to the patients at least 4 h per day for at least 4 months prior to the baseline visit. They had to speak and understand the Italian language and to be able to answer a questionnaire including a numeric rating scale.
Patient and Caregiver Assessment
Participants in the main study were assessed at one point in time during the baseline visit. Participant assessment was conducted by site physicians who received specific training on the study procedures during a centralized investigator meeting. Information was collected by direct interviews with patients and caregivers and extracted from medical charts. The patients' and caregivers' sociodemographic characteristics were reported. The caregivers were asked about the daily amount of time spent providing care to patients. Information on the patients' weight, height, blood pressure, heart rate, disease duration, swallowing difficulties, medical history and concomitant gastrointestinal or dermatological symptoms or diseases was also collected. The cognitive status of patients was assessed using the MMSE [13] . The Activities of Daily Living scale (ADLs), scoring from 0 (total dependence) to 6 (total independence), was used to evaluate the patients' functional status [14] .
Data on the patients' current anti-AD pharmacological treatment were recorded, including the drug ingredient, dose, formulation, start date of treatment and eventual reason for switching to a different medication. The patients' use of concomitant medications with particular respect to psychotropic drugs was also assessed.
Outcome Assessment
The patient compliance to treatment and the caregiver satisfaction were assessed using the CMI. The CMI is an ad hoc questionnaire developed for the purpose of the AXEPT study. It was initially developed in the English version by the AXEPT researchers as an instrument which could have been used internationally. It is available in two forms, one designed to be used in case of oral treatment and one designed to be used in case of transdermal applications. It consists of three questions directed to the caregiver and exploring the ease of administration, the global compliance and the satisfaction relative to the treatment the patient is receiving. For questions on compliance and satisfaction, the caregiver has to indicate, on a numeric rating scale, a score between 0 and 10, with 0 being the lowest degree and 10 the highest degree of compliance and satisfaction. The CMI form is reported in Appendix 1.
Data collected from direct interviews with caregivers and from medical charts during the baseline visit were used to assess the characteristics of mild-to-moderate AD patients and their caregivers.
Statistical Analysis
According to the methods proposed by Divine et al. [15] for estimating the sample size for the Wilcoxon-Mann-Whitney test, it has been calculated that a sample of 730 participants was required to observe a P(X 1 Y) equal to 0.57 with a power of 0.90 and a 0.05 type I error. Given that X and Y are random observations from the two distributions being compared (transdermal and oral formulation), P(X 1 Y) represents the probability that X is greater than Y. Since previous data were missing, it has been conservatively assumed that P(X 1 Y) equals 0.57, under the null hypothesis that P(X 1 Y) equals 0.50. A zero variance associated with ties and an allocation ratio of 3 to 4 between the transdermal and the oral formulation according to data on prescription patterns in Italy have also been assumed.
Characteristics of the study participants according to the type of drug formulation received were assessed using descriptive statistics. Compliance to treatment and caregiver satisfaction were described according to the type of drug formulation (oral or transdermal). Descriptive statistics included mean, standard deviation, median, mode, quantiles and interquartile range. Comparison between patient compliance and caregiver satisfaction according to the type of drug formulation was conducted using the Wilcoxon-Mann-Whitney test.
Statistical analysis was performed using SAS v 9.1.2.
CMI Validation
For the purpose of the current study, the English version of the CMI was translated into the Italian language, and a linguistic and psychometric validation of the Italian version was performed.
The linguistic validation process included the following steps: -forward translation of the English CMI into Italian: two forward translations were produced by two independent professional translators who were native Italian speakers; -reconciliation: creation of a preliminary combined version (reconciled version) on which both translators and investigators agreed; -backward translation of the Italian reconciled version into English: the preliminary Italian version was translated back into English by a professional translator who was a native English speaker and had no access to the original version of the instrument; -comparison between the backward translated version with the original English version; mistranslations and inaccuracies were detected and the preliminary Italian version was revised accordingly in a consensus meeting including the backward translator and the investigators; -comprehension test: the Italian revised version of the CMI was administered to a sample of 18 caregivers of patients who were potential study participants according to the inclusion criteria; these caregivers were identified from the three expected highest recruiting sites; this was a qualitative examination performed to determine possible problems in the respondents' understanding of the instructions; -creation of a final Italian version by the investigators and implementation of this instrument in the study. The psychometric evaluation of the translated CMI was then conducted in a sub-sample of 188 caregivers participating in the study and selected by the six expected highest recruiting sites. The CMI was administered to the sub-study caregivers during the baseline evaluation and 1 week later. The reliability of the instrument was evaluated by measuring its internal consistency, expressed by Cronbach's ␣ , and its test-retest reliability, expressed by the intraclass correlation coefficient (ICC) and the Spearman correlation coefficient ( ). No gold standard among the instruments which measure compliance to treatment and caregivers' satisfaction is available in the literature. Therefore, the convergent validity was evaluated comparing the CMI scores with the responses obtained from the same caregivers who were administered with a Visual Analogue Scale (VAS). For the purpose of this study, a VAS including a 10-cm line with one extreme indicating the lowest and the other extreme indicating the highest compliance and satisfaction was used. The comprehension test of this instrument was conducted during the linguistic validation process. The ICC and Spearman's were measured to estimate the convergent validity of the Italian version of the CMI compared with the VAS.
Results
Patients and caregivers consecutively visiting the participating memory clinics since the beginning of the study were screened for enrolment. The duration of the screening period was 5 months, and a competitive enrolment was allowed. A total of 896 patients and their caregivers were screened; 41 of them were excluded because they did not meet the inclusion criteria. The final sample for this study consisted of 855 patients and their caregivers. Sociodemographic, cognitive, functional and clinical characteristics of the study patients by type of drug formulation received are reported in table 1 . The mean age of patients was 77 years in both groups, and over 60% were female. Both groups showed a mild-to-moderate cognitive impairment (mean MMSE score 21.0) and a good level of preserved functional abilities (mean ADL score 5.0). Over 80% of patients had one or more medical conditions associated with AD. Cardiovascular diseases were highly prevalent in both groups, with nearly 50% of patients affected by hypertension and 20% diagnosed with any cardiac disease. Patients on oral medications were more likely to be diagnosed with psychiatric illnesses such as major depression, bipolar disorder and schizophrenia than patients on patch (14.6 vs. 7.9%). However, the patients' compliance to treatment and the caregivers' satisfaction by type of drug formulation did not change after stratifying the sample on the presence of psychiatric illnesses. Moreover, correlation analyses showed that psychiatric illnesses were not associated with the type of drug formulation and with compliance and satisfaction. The prevalence of gastrointestinal diseases was slightly higher among patients treated with oral medications compared to those treated with the rivastigmine patch. Dermatological conditions were rarely reported, with a slightly increased prevalence in the group receiving oral medications. Other conditions including chronic obstructive pulmonary disease, asthma, cancer, swallowing problems and renal or liver failure were infrequent and equally distributed in the two groups.
The estimated mean time from the onset of symptoms to AD diagnosis was nearly 2 years in both groups. Over 17% of patients in both groups had switched from a previous anti-AD medication to the current one received at the study time. The most frequently reported medication changes were from either donepezil or oral rivastigmine to patch (40%) and from either patch or oral rivastigmine or donepezil to memantine (34%). The most frequently reported reason for switching was low tolerability of the previous treatment. With respect to other psychotropic medications, 30% of patients on oral medications and 26% of patients on patch were taking antidepressants mostly belonging to the class of selective serotonin re-uptake inhibitors . Antipsychotic prescription was not frequent in the study population, with more atypical than conventional medications used in both groups. A low prevalence of use was also reported for benzodiazepines and anticonvulsants in both groups.
Characteristics of the caregivers in the study according to the type of drug formulation their patients were receiving are reported in table 2 . The mean age of the caregivers was 58 years, and over 70% were female. Over 95% of the caregivers were relatives, and more than half of them were living with the patient. The mean time spent providing care reported by caregivers in both groups was around 12 h per day. The rivastigmine patch was the most frequently prescribed anti-AD drug in the study population. Over 46% (n = 396) of the study patients were on rivastigmine patch, while 54% (n = 461) were receiving any type of oral anti-AD drugs. With respect to oral drugs, 25% of patients were treated with donepezil and 21% were receiving memantine. Only 4% of patients were treated with galantamine and 4% with oral rivastigmine. The median and the mode in addition to the range of the daily drug dose are reported in table 3 . Medians and modes are presented rather than means because of their clinical significance.
Nearly 80% of caregivers of patients on patch were not concerned about patient adherence to anti-AD medical treatment compared to 64% of caregivers of patients on oral medications ( fig. 1 a) . Among caregivers of patients on patch, 94% of them did not report any difficulties in remembering to administer treatment compared to 73% of caregivers of patients on oral medications ( fig. 1 b) . Both compliance to treatment and satisfaction were signifi- cantly higher in the group treated with the rivastigmine patch compared to the group on oral medications ( table 4 ) . Nearly 90% of caregivers of patients on transdermal application versus 78% of caregivers of patients on oral medications reported a score between 9 and 10 at the CMI question on compliance. Over 60% of caregivers of patients treated with the patch compared to 46% of caregivers of patients on oral medications reported a score between 9 and 10 at the CMI question on satisfaction. The translated version of the CMI showed a high level of internal consistency (Cronbach's ␣ = 0.74) and a high test-retest reliability (ICC = 0.96 and = 0.94 for items assessing compliance; ICC = 0.98 and = 0.97 for items assessing satisfaction). Convergent validity of the instrument compared with the VAS was also high (ICC = 0.79 and = 0.72 for items assessing compliance; ICC = 0.92 and = 0.92 for items assessing satisfaction).
Discussion
Findings from the AXEPT study indicate that the use of a transdermal application may improve patient compliance to anti-AD treatment and caregiver satisfaction. These results are in line with previous experimental data which highlighted the benefits of a transdermal application for patients and caregivers. Specifically, more than 70% of the 1,059 caregivers of AD patients included in the IDEAL trial preferred the patch over capsules for drug delivery [12] . Several reasons may explain caregivers' preference towards transdermal applications. It has been shown that the use of the rivastigmine patch is associated with reduced side effects and access to optimal dosages with possible improved efficacy due to constant drug delivery, steady plasmatic drug levels and prolonged cholinesterase inhibition [11, [17] [18] [19] . In general, the patch represents a user-friendly mode of drug delivery in geriatric patients who are likely to present with multimorbidity and complex polypharmacy [20, 21] . The potential for overdose due to erroneous multiple administrations may be reduced by using a transdermal application [22, 23] . Finally, the patch provides caregivers with a visual reminder that the medication has been correctly administered, thus helping improve patient compliance to treatment [24] . All these advantages may relieve the strain among caregivers in managing drug administration while improving treatment compliance and effectiveness.
Recently, the WHO has recommended studies focusing on the role of the caregiver and particularly investigating the level of caregiver satisfaction in relation to daily workload and drug administration [25] . Also, the FDA has stated that effective health outcomes in AD should be identified taking into account the needs of both patients and caregivers. In this respect, the caregivers' perspective may provide unique insight into clinical research because of their own experience with this condition [26] .
Caregiver satisfaction and preference are directly related to compliance to treatment. Cognitive and functional impairment, behavioral symptoms and susceptibility to side effects make compliance to drug regimens in AD patients particularly challenging. It has been estimated that over 70% of AD patients require assistance in managing and taking medications [27] . The development and implementation of strategies to help caregivers administrate medications to their patients may indeed reduce the strain related to such tasks and increase their level of satisfaction with the care delivered. A reduced level of caregiver burden and distress has also been associated with a decreased risk of developing behavioral symptoms in AD patients and with an overall improved quality of life for their families [6, 28, 29] . Such positive effects result in a more prolonged in-home care provision for patients, with an overall reduction of costs of institutionalization [10, 30] .
Several interesting findings derived from the description of the study patients' and caregivers' characteristics. The study population included patients with multimorbidity who were relatively preserved in their functional abilities, as it may have been expected in consideration of their mild-to-moderate level of cognitive impairment. Cardiovascular diseases and metabolic conditions such as diabetes and dyslipidemia were highly prevalent in our study patients, and this is in accordance with a growing body of literature which indicates that AD patients are likely to have an even worse cardiovascular and metabolic profile compared to elderly individuals who are not cognitively impaired [31] [32] [33] [34] [35] . The management of comorbidities represents an additional contribution to the overall burden of care, requiring caregivers to monitor medical symptoms and signs and administer complex drug therapy regimens.
In our study patients, the time interval between first appearance of symptoms and AD diagnosis was nearly 2 years. This estimate is in line with previous European data indicating that for a clinical diagnosis of AD nearly 3 years are required in the UK, 2 years in France and Spain and less than 1 year in Germany [36] . The role of families and general practitioners has been recognized as crucial to the process of early identification of AD symptoms, and public health interventions to target possible barriers to an early diagnosis have been proposed [37] [38] [39] . The benefits related to an early identification of AD are widely recognized [40] . An early diagnosis allows to provide medical treatments which are most effective in the early stages of the disease, to implement adequate multidisciplinary interventions and to offer tailored socioeconomic support and services to patients and their families [41] .
The sociodemographic profile of caregivers of community-dwelling patients with mildto-moderate AD has been described in this study. Caregivers are likely to be women of middle or old age, mostly daughters or spouses, living with the patients. They spend half a day, 7 days per week in providing assistance to the patients. The presence of a formal caregiver was extremely rare in the study. This is in line with previous epidemiological data indicating that family caregivers are those who provide most of the care and social support to the AD patients, thus being daily confronted with the psychological and socioeconomic burden of the disease [5] . The needs of these people are among the most urgent public health issues of our society and need to be addressed by tailored interventions aimed at providing social, financial and psychological support [42] .
This study has several limitations. The cross-sectional study design does not make possible to establish any temporal relationship between the exposure to a particular drug formulation and the level of compliance to treatment and caregiver satisfaction reported. Residual confounding is possible. Data on concomitant medications other than psychotropic drugs were not collected. Also, no information was gathered regarding the presence and severity of behavioral and psychological symptoms of dementia. The instrument used to assess the patient compliance and caregiver satisfaction is based on a report of the caregivers' perspectives, which may not necessarily correspond to the patients' opinions. Although all caregivers in the study reported to administer medications to their patients, it is not possible to exclude that some patients may have self-administered treatments. Finally, results have been derived from a sample of community-dwelling mild-to-moderate AD patients and their caregivers in Italy and they may not be extendable to other populations.
Conclusion
The current study has provided evidence regarding patient compliance to and caregiver satisfaction with AD pharmacological treatments derived from the observation of a real clinical setting. Caregivers of patients treated with a transdermal application appeared to be more satisfied and reported higher levels of compliance to treatment than caregivers of patients receiving anti-AD oral medications. These findings indicate that new convenient modes of drug administration may be appreciated by caregivers and may contribute to reduce their daily workload, thus producing beneficial effects for the patients and their families. Clinicians should consider such evidence together with efficacy and safety data and the patients' individual clinical profile when choosing the best medical treatment option for persons with AD.
